State of the Art in the Research of Formal Verification  by Edgar, Serna-M. & David, Morales-V.
Ingeniería Investigación y Tecnología, volumen XV (número 4), octubre-diciembre 2014: 615-623
ISSN 1405-7743 FI-UNAM
(artículo arbitrado)
Keywords: 
 IRUPDOYHULILFDWLRQ
 IRUPDOPHWKRGV
 VRIWZDUHHQJLQHHULQJ
 HQJLQHHULQJWHFKQLTXHV
 UHVHDUFKDSSURDFKHV
Information on the article: received: May 2013, accepted: July 2013
State of the Art in the Research of Formal Verification
Estado del arte de la investigación en verificación formal
Serna-M. Edgar
Corporación Universitaria Remington, Medellín, Colombia
E-mail: edgar.serna@remington.edu.co
Morales-V. David
Diversien S.A.S. Medellín, Colombia
E-mail: david.morales@diversien.com
Abstract 
In recent years research in ȱę of hardware and software has 
reached important progresses in the development of methodologies and 
tools to meet the increasing complexity of systems. The explicit role of For-
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mains the same and that prevail the application in control and interaction 
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method and that empirical research is the most applied type.
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Introduction
ȱ ęȱ ȱ ȱ ȱ Ĵȱ ȱ
ȱȱȱ ¡ȱ ¢ǯȱȱȱ ȱ
money-demanding and time-demanding and perfor-
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Moore’s Law is still applied to determine the growth 
rate of the complexity of software and hardware pro-
ǰȱȱȱ¡¢ȱȱęȱȱȱ
ǯȱ ȱ ǰȱ ¢ǰȱ ȱ ȱ ¡-
¢ȱ ȱȂȱ¡¢ȱȱȱȱȱ
ȱ  ¢ȱ  ȱ ǯȱ ȱ ¢ȱ ȱ ȱ
ȱ£ȱȱȱęȱȱȱ-
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any system. 
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plete coverage of the space of the states in the tested 
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ȱȱȱȱȱȱȱȱ
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ȱ ęȱ ȱ ȱ ȱǰȱ ȱ
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ęȱ ȱ ȱ ȱǰȱ ȱȱ ȱ -
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digm is proposed in Kitchenham ȱǯȱǻŘŖŖŚǼȱȱ¢ȱ
ȱǯȱǻŘŖŖśǼǰȱȱȱȱȱȱ¢ȱȱȱȱ
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which can lead to evidences for that answer and eva-
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ton ȱǯȱǻŘŖŖŝǼȱȱȱǻŘŖŖşǼǯ
In the next section, the methodology applied in 
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ȱ ȱǯ
Methodological process
ȱȱ¢ȱ ȱȱȱȱȱ-
ȱ ȱ ȱȱ ȱ ǻȱ ȱ ǯǰȱ ŘŖŖŝǼǱȱ ǻŗǼȱ
ǰȱǻŘǼȱ¡ȱȱǻřǼȱǰȱ ȱ
ȱȱȱȱȱȱȱȱȱ-
ǰȱȱ ȱȱȱŗǯ
ȱȱȱǻŘŖŖşǼȱȱȱȱ
alǯȱǻŘŖŖşǼǰȱȱȱ¢ȱ ȱȱ¡ȱ-
ęǱ
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Stages 
Planning
¢ȱȱ
Developing the review protocol
Validating the review protocol
¡
ęȱȱ
ȱ¢ȱ
ȱȱ¢ȱȱ
¡ȱȱ
Synthesizing data
 Writing the review reportValidating the report
ŗǯȱȱȱȱ
2.  The searching process
řǯȱȱȱȱȱ¡ȱ
Śǯȱȱ¢ȱ
śǯȱȱȱ
6.  Data analysis.
5HVHDUFKTXHVWLRQV
ȱ ȱ ȱ ȱ ȱ ȱ -
ȱȱȱȱ Ǳ
ŗǱȱȱ Ƕȱ ȱęȱȱȱęȱȱȱ
ȱ¢ǵ
ŘǱȱȱ Ƕȱ ȱ¢ȱ ȱ ȱȱ -
ǵ
řǱȱȱ Ƕȱ ȱ ȱęȱ ȱ ȱ -
ȱȱȱ¢ǵ
ŚǱȱȱ Ƕȱ ȱ ȱ ȱ ȱ ȱ ȱ
ȱǵ
śǱȱȱ Ƕȱȱȱ¢ȱȱȱȱȱfor-
ȱęǵ
ȱȱȱ ȱȱŗǰȱŘǰȱřȱȱŚǰȱ ȱȱȱ
ȱȱ¢ȱ¢ȱ ȱȱȱȱ-
ȱǰȱ ȱȱȱȱȱ-
¢ȱȱ ȱȱȱęǯȱȱȱȱęȱ
that will indicate the intensity of research activity, re-
ȱȱśǰȱȱ ȱęȱȱȱȱȱȱ
ȱȱȱ¢ȱ¢ǯȱȱȱȱȱȱȱ
the FV was compared to the slope corresponding to the 
ȱ ȱȱȱȱȱȱ-
ȱęǯ
5HVHDUFKSURFHVV
ȱ¢ȱ ȱȱȱęȱȱȱ-
¢ȱȱȱȱęȱȱȱȱȱ-
ȱȱ¢ǲȱ ǲȱȱȱęȱȱȱę 
 ȱȱ ȱ ȱ ǰȱ ȱ ȱ ȱ -
ȱȱȱȱȱȱȱȱ-
ȱȱȱȱęȱȱȱǯȱ
ȱȱȱȱȱ ȱȱ¢ȱȱ¢ȱ
ȱ ȱȱȱȱȱ¡ȱȱȱ
ęȱȱȱȱȱȱ ǯȱȱȱ-
ȱȱȱȱȱȱȱȱ¢ǰȱ
ȱȱ¢ǰȱȱȱȱȱǰȱ
ȱȱȱȱ ȱ¢ȱŘŖŖŖȱȱȱ
ŘŖŗŗǯȱȱȱȱȱȱȱȱ
ȱȱȱȱ¢ȱ ȱȱ Ǳ
Ȋȱȱȱ ȱ ęǱȱ ȱ ȱ ǯȱ ȱ ȱ ȱ ȱ -
ȱǯ
Ȋȱȱȱ ȱǰȱȱǰȱȱ-
ǰȱȱǰȱȱęȱand formal 
ęǱȱȱȱȱȱȱȱǯȱȱŗǯ
Ȋȱȱȱ ¡ǰȱȱ¢ǰȱȱandȱǱȱ
ȱȱȱȱȱȱǯȱȱŘǯ
Ȋȱȱȱ ǰȱǰȱǰȱȱ and XPǱȱȱ
ȱȱȱȱȱǯȱȱřǯ
Ȋȱȱȱ ȱȱȱȱȱȱŗǰȱŘȱ¢ȱřȱ-
Ĵȱ¢ȱ ȱȱȱ ȱ ȱ
ȱȱŚǯȱȱȱȱȱȱ ȱ
performed a search of terms ¡ǰȱ ¢ǰȱ
ȱ ¢ǰȱ ȱ ȱ ȱ ȱ ȱ ȱ
within the content.
Ȋȱȱȱ ȱ ęȱ ȱ Ǳȱ ȱ ȱ ȱ ȱ
ȱ ȱȱ¢ȱȱȱǯȱȱśǯ
ȱ ȱ ȱ ȱ ȱ ȱ ȱ ȱ ȱ
 ȱ śśŘǯȱ 
 ǰȱ ȱ ȱ ȱ  ȱ ęȱ ¢ȱ
ȱȱȱȱȱȱȱȱȱ-
¢ ǯȱȱ¡ȱȱȱȱȱ ȱ-
ȱ ȱ ¢ǰȱ ȱ ȱ ȱ ¡ȱ ȱ
ȱȱęȱȱ ǯ
,QFOXVLRQDQGH[FOXVLRQFULWHULD
ȱ ȱȱȱ¢ȱȱȱȱȱ-
vant for the research topic, therefore it was applied the 
ęȱ ȱ ȱ ȱ ǻ¢ȱ ȱ ¢ǰȱ
ŘŖŖŞǼǱ
ŗǯȱȱȱ ¢ȱ ȱ ȱ ǯȱ ¢ȱ ȱ
 ȱȱȱǰȱȱȬ-
ȱ¢ȱ ȱ ȱȱȱȱ-
ǰȱ ¡ȱ ȱ ȱ ȱ  ȱ
ǯȱȱ ȱ ȱ ŗřŗȱ ȱ ȱ ¡-
ded.
Řǯȱȱȱ ¡ȱȱȱȱȱǯȱȱ¡-
ȱ ȱ ȱ ȱ ȱȱęȱ ȱ ȱ
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ȱȱȱȱȱȱ ¢ǯȱȱ
ȱȱŘŞȱȱ ȱ¡ǯ
řǯȱȱ¡ȱȱȱȱȱǯȱȱ-
ȱȱŚşȱȱ ȱ¡ǯ
Śǯȱȱȱȱȱȱȱȱȱ-
ȱȱȱȱȱȱȱȱȱ¡ǯȱȱ
 ȱȱȱ¢ȱȱ ȱ¢ȱ-
ȱ ȱȱȱȱȱęǯȱ-
ȱ ȱ ȱ ȱ ŗŚśȱ  ȱ  ȱ ¡ǰȱ
 ȱ ȱ ȱ ȱ ęȱ ȱ ȱ ŗşşȱ ȱ
ȱȱ¢ȱȱȱȱǯ
4XDOLW\DVVHVVPHQW
ȱȱȱȱȱȱȱȱȱȱȱȱ
¢ȱ ȱ ȱ ¡ȱ ¢ȱ ȱ
¢ȱ ȱ ǯȱ ȱ ȱ ȱ -
ȱȱȱ ȱȱȱ¢ȱȱȱ
ȱȱǰȱȱ ȱǰȱȱȱȱ
ȱ ȱ ȱ ¢ȱ ȱ ȱ ¡ȱ
ȱ¢ǯ
'DWDFROOHFWLRQ
ȱęȱ ȱ ȱȱ¡ȱǰȱ ȱ
ȱȱȱȱȱ¢ȱȱ ȱǯȱ-
ȱȱȱȱ ȱĴȱ ȱǱ
ŗǯȱȱȱ¢ȱȱǱȱ ǰȱȬǰȱ -
shop.
ŘǯȱȱȱȱǱȱǰȱǯ
řǯȱȱȱȱǱȱǰȱǰȱǰȱǯ
ŚǯȱȱȱȱȱǱȱŘŖŖŖȱȱŘŖŗŗȱǯ
śǯȱȱȱ¢ǯ
Ŝǯȱȱȱęȱȱ ȱȱȱǯȱ-
ding to Glass ȱ ǯȱ ǻŘŖŖŘǼǰȱ ȱȱ ȱ ȱ
ęȱ ȱ Ǳȱ ǰȱ ¡¢ȱ
and empirical and, according to Wohlin ȱǯȱǻŘŖŖŖǼȱ
ȱ ¢ȱ ȱ ¢ȱ ǻŘŖŖŞǼǰȱ ȱ ȱ ȱ
ȱ ȱ ȱ ȱ ȱ ȱ ǰȱ
ȱȱǱȱ¢ǰȱȱ¢ȱȱ¡-
ment. 
ŝǯȱȱȱęȱȱȱęǯȱȱȱęȱȱȱ
ȱ  Ǳȱ ȱ ǰȱ ȱ -
ǰȱ ȱǰȱ ȱ ǰȱ
ȱȱȱȱęǯ
Şǯȱȱȱęȱ ȱ ȱ ¢ǯȱ ȱ ¢£ȱ
ȱ Ǳȱ ¡ǰȱ ȱ ¢ǰȱ
ȱȱǯ
şǯȱȱȱęȱȱȱǯȱȱȱ¢ȱ
ȱ ȱ ęȱ ȱ ȱ ȱ ȱ
ȱȱȱ¢ȱǱȱǰȱǰȱ
ȱȱȱǯ
ȱ ȱśȱȱ¢ȱȱȱ ȱȱ
ȱȱ ȱęǱȱ
Ȋȱȱȱȱȱȱęȱȱǯȱȱ
that presents in a detailed manner the original re-
ȱ ȱ ęȱ ȱ ǯȱ ȱ ȱ
¢ȱȱȱǱȱǰȱ-
¢ǰȱȱȱǯ
ȊȱȱȱȱĚȱǯȱȱȱȱȱȱ
ȱęȱȱȱȱ¢ǰȱȱȱ-
ȱȱȱ ȱȱȱęȱȱȱ
ȱȱǯ
Ȋȱȱȱȱ ȱǯȱȱ ȱ¢£ȱ¢-
£ȱȱȱȱȱȱȱȱȬ
ȱ ȱ ȱ ȱ ȱ ȱ ¢ȱ
ęǰȱȱȱȱȱȱȱ
ȱȱȱǯȱȱȱȱ
ȱȱ¢ȱȱȱȱȱ ȱ
ǰȱȱǰȱśŖȱǯȱ
Data analysis
ȱ¢ȱȱ ȱȱȱ¢£ȱ-
¢ȱ ȱȱȱȱęǱ
ŗǯȱȱȱȱȱ ȱȱ¢ȱ¢Ǳȱśǯ
Řǯȱȱȱȱȱ ȱȱȱȱȱ-
Ǳȱśǯ
řǯȱȱȱȱȱȱ¢ȱ¢Ǳȱśǯ
ŚǯȱȱȱȱȱȱȱȱęǱȱśǯ
śǯȱȱȱȱȱȱǱȱŚǯ
6.   Field of ȱę in which research is per-
Ǳȱŗǯ
ŝǯȱȱȱȱ¢ǱȱŘǯ
ŞǯȱȱȱȱǱȱřǯ
Results and analysis
ȱȱȱȱȱȱȱȱȱ
¢ǰȱȱȱȱȱȱȱȱȱ¢ȱȱ
 ȱǯȱȱȱȱȱȱȱěȱ
 ȱ ȱ ¢ȱ and ȱ . Research 
activity comprise the set of relevant articles which were 
ȱȱȱȱǰȱȱǰȱǰȱĚȱ
ȱęȱǰȱ ȱ ȱ ȱȱ
ȱȱęȱȱȱ¢ȱȱȱȱ¡-
ȱ ǯȱ ȱ Řȱ  ȱ ȱ ¢ȱ ȱ ȱ -
ȱ¢ȱ¢ȱ¢ȱȱȱ¢ǯ
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7DEOH'\QDPLVPRIUHVHDUFKLQ)9
 Ȭ   Total
ŘŖŖŖ Ŗ ř Ŗ ř
ŘŖŖŗ Ŗ ř Ŗ ř
ŘŖŖŘ ŗ ŗř Ŗ ŗŚ
ŘŖŖř Ŗ Ş Ŗ Ş
ŘŖŖŚ Ŗ ř Ŗ ř
ŘŖŖś ŗŗ Řŗ Ŗ řŘ
ŘŖŖŜ Ş ŗř Ş Řş
ŘŖŖŝ ŗř ŗŗ ř Řŝ
ŘŖŖŞ ŗŗ ŗŚ ŗ 26
ŘŖŖş ŗŖ Ş ś Řř
ŘŖŗŖ ŗŗ ş ŝ Řŝ
ŘŖŗŗ Ŗ Ś Ŗ Ś
Total Ŝś ŗŗŖ ŘŚ ŗşş
ȱȱȱȱȱȱȱȱę-
ȱȱȱŘŖŖśǰȱȱȱ ȱ-
ȱȱȱȱȱǯȱȱŗȱ ȱ
ȱȱ ȱȱȱȱȱ-
 ȱǰȱȱȱǯȱȱȱȱ¢ȱ-
ȱȱȱȱǰȱȱȱ ȱȱformal 
ęǰȱȱȱȱ¢ȱȱ ȱȱȱěȱ
ȱȱȱȱȱǯȱȱ ȱȱ
ȱśǰȱȱȱȱȱȱȱȱ-
ȱȱȱȱȱȱ ȱę, 
ȱȱȱȱȱ ȱȱȱ
¢ǯȱ¢ǰȱȱȱŘȱȱȱȱȱȱ-
ȱȱ£ȱǰȱ ȱȱȱ
ȱȱȱȱȱȱȱ-
ȱȱȱǯȱ
When examining the activities regarding formal veri-
ęȱ¢ȱ¢ȱȱȱȱȱȱȱȱȱ 
 
ȱȱȱȱȱȱȱ ȱśśƖǯȱ
ȱȱȱȱ ȱ¢ȱȱȱǰȱ
ǰȱ ȱ ȱ 	¢ǯȱ ȱ ȱ ȱ
ǰȱȱ ȱȱȱȱȱȱȱȱĴ-
ȱȱȱȱȱȱȱǯȱȱřȱ-
ȱ ȱ ȱ  ȱ  ȱ  ȱ ȱ
research activities and other type of reports related to 
FV topics.
ȱȱȱȱȱ ȱȱȱȱ
ȱȱȱȱǰȱȱȱ-
logies that apply research in ȱę, from this 
ȱȱȱȱȱ ȱ ȱȱȱȱŗŖśȱ-
ȱȱȱȱȱǯȱȱŚȱ ȱ
ȱȱȱ ȱȱȱ ȱȱȱ
the researches related to ȱ ę and the 
ȱȱ ȱȱȱȱȱȱ¢ȱ
ȱ ǯȱ ȱ Řȱ  ȱ ȱ ęȱ ȱ ȱ
ȱȱȱȱȱȱǯȱ
)LJXUH ,QWHQVLW\RIUHVHDUFKDFWLYLWLHV
LQ6(YV)9
7DEOH5HVHDUFKDUWLFOHVYVRWKHUDUWLFOHV
 Research Other Ɩȱ
ŘŖŖŖ ŗ 2 řřƖ
ŘŖŖŗ Ŗ ř ŖƖ
ŘŖŖŘ 6 Ş ŚřƖ
ŘŖŖř 2 6 ŘśƖ
ŘŖŖŚ Ŗ ř ŖƖ
ŘŖŖś ŗř ŗş ŚŗƖ
ŘŖŖŜ ŗŝ ŗŘ śşƖ
ŘŖŖŝ ŗŜ ŗŗ śşƖ
ŘŖŖŞ ŗŜ ŗŖ ŜŘƖ
ŘŖŖş ŗŜ ŝ ŝŖƖ
ŘŖŗŖ ŗŞ ş ŜŝƖ
ŘŖŗŗ Ŗ Ś ŖƖ
Total ŗŖś şŚ ŞşǯśƖ
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ȱȱȱȱȱȱǻǼ ŘŖ
Formal Methods in System Design ŗŘ
IEEE Transactions on Software Engineering Ş
ȱȱȱ¢ǰȱǰȱȱ¢ ŝ
ȱȱȱ ȱȱȱ¢ȱȱǻǼ 6
ȱȱ Ś
IEEE Design & Test 6
ȱȱȱ ř
ȱȱȱ ř
ȱȱ¢ 2
ȱȱǭȱ 2
ȱȱȱ 2
ȱȱ¢ȱǱȱȱȱ 2
Real-Time Systems 2
 ŗ
ȱȱȱ ŗ
IEEE Software ŗ
ȱȱȱȱȱ ŗ
ȱȱȱȱȱ ŗ
ȱȱ¢ȱȱ  ŗ
ȱȱȱȱǻǼ ŗ
ȱȱȱȱȱȱ¢ ŗ
ȱ	ȱȱ¢ ŗ
ȱȱ¢ȱ ŗ
ȱȱȱ ŗ
Advances in Engineering Software ŗ
ȱȱȱǱȱ¢ȱȱ ŗ
Environmental Modelling & Software ŗ
ǰȱȱȱ ŗ
ȱȱȱȱ ŗ
ȱȱȱ  ŗ
ȱȱȱ ŗ
Informatics ŗ
ȱȱȱȱȱ ŗ
ȱȱȱȱȱȱ ŗ
ȱȱȱȱ¢ ŗ
Annals of Software Enginnering ŗ
ȱȱȱȱȱȱ¢ ŗ
 ȱǰȱęȱǭȱ¢ ŗ
ȱȱȱȬȱ ȱ ŗ
)LJXUH 5HVHDUFKDFWLYLW\LQ)RUPDO
9HULILFDWLRQE\FRXQWU\
621
Serna-M. Edgar, Morales-V. David
Ingeniería Investigación y Tecnología, volumen XV (número 4), octubre-diciembre 2014: 615-623 ISSN 1405-7743 FI-UNAM
7DEOH1XPEHURI8QLYHUVLWLHVDQGFRPSDQLHVZKLFKSHUIRUPV
UHVHDUFKLQ)9
¢ 
 śŜ ŞŜ
 ŗŚ ŗş
7DEOH0HWKRGVRI5HVHDUFK
Method Ratio
ȱ¢ ŞŜȦŗŖś
Experiment ŗşȦŗŖś
7DEOH5HVHDUFKDSSURDFK
Approach ¢
Applied Ŗ
Descriptive Ŗ
Empirical ŗŖś
Exploratory Ŗ
ȱśȱȱȱȱ ȱȱȱȱ
ȱȱȱȱȱȱ ȱ-
form research in ȱęȱ ȱ ȱȱȱ
ȱ ǯ
ȱŜȱȱŝȱ ȱȱȱȱȱ¢ȱ-
ȱ ȱ ęȱ ȱ ȱ ȱ ȱ
ȱȱȱȱȱęǯ
ȱ ȱ ȱ ȱ ȱ ȱ ¢ǲȱ ȱ ȱ
ȱ ȱ ȱ ȱ ȱ ȱ ȱ
have the highest participation in the research in this 
ęǯȱȱ ȱȱ ȱ ȱęȱȱȱ
ȱȱȱǰȱȱȱȱȱȱ
ęȱȱȱȱȱȱȱǯȱ-
ȱŞȱ ȱȱȱȱȱęȱȱȱȱ
ȱ ęǰȱ ȱȱ ȱ ȱ ȱ ¢ȱ ȱ
ǯ
ȱęȱȱ ȱȱȱȱ ȱȱȱ
ȱȱęǰȱȱȱȱ-
ȱǯȱȱ ȱȱ ȱȱ ȱ-
ȱȱȱ¢ȱȱȱǰȱȱ
ȱǰȱ¢ȱ¢ȱȱȱȱȱę-
ȱ ȱȱȱ¢ȱȱ¢ȱ
ȱȱǲȱȱȱȱȱȱ ¢ȱȱęȱ
ȱǱȱęȱȱȱȱȱęǰȱȱȱȱ
ȱȱȱȱę¢ȱȱęȱȱȱȱ-
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Threats and limitations 
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Agile methods Ŗ ŖƖ
7DEOH)LHOGVRI5HVHDUFKLQformal verification
Field ¢ Percentage
Mathematical model ŗŖś ŗŖŖƖ
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Formal methods ŗŖś ŗŖŖƖ
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Conclusions and future work 
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